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COMcLUSIoNs 

The following conclusions apply t o  a s tmcture having a 2:l 
upward slope on the pipe enfiering the head wall. 

1. The recormexled design (Figurn 2) gives the best all-around 
perf owance . 

2. No flow straightener is required i n  the turnouts ahead of the 
total iz ing meter with the recoPtrnePlded design. 

3. The *in linen forebay (Figure 1) would be adequate mder 
conditions where no regulating gate i s  used on the turnout or where a 
flow straightener is  used ahead of the flow meter. 

4. The ehspa sf the forebay hae an effect  on the turnout entrance 
lours. 

5 .  Same erosion w i l l  ocour at the junction of the s t i l l i n g  basin 
and canal. Riprag protection should be provided immediately domstmam 
of the S ~ X U C ~ U Z W .  

0 

6 .  The energy i p i  not d i eb ipa td  in  the s t i U i n g  basin when the 
tail water is above the c m s t  of t h ~  check d. High surface veloc- 

@ i t i e s  with cansldsrable tu rh lenoe  are present (Figure 4A). The beam 
9 baff le  shown in  Figures  2 and. 4B w i l l  give sat isfactory conditions when 

the tail  water i s  a t  or above the top of the oheck w ~ J .  

Q 



lower than the crown of the i n l e t .  

REC~rnATIOIOS' 

1. Use the design ehown i n  Figure 2 f o r  a structure combining a 
road crossing, check dmp, and turnout. !!?he dlhensions given are  
considered ninimum. 

2. Uee a minimum head-loss of 0.75 of the turnout velocity head 
fo r  the turnout entrance. 

3 .  Protect the canel bottom snd aide slope6 w i t h  rilprap fo r  s 
short distance below the s t i l l i n g  basin. 

4. Place a beam b G f b  across the s t i l l i n g  basin w h e r e  high t a i l  
water w i l l  exis t .  

The llimiting dinrension~ of the mcom~n8aii structure were 
detewined by mmbers of the C d s  cad the Engineering Lsboratoriee 
Branchee . 

I~RODUCTION 

Twenty mod c ross inp  were contemplated fo r  construction at 
the tinre of thle investigation, with perh8pe two o r  three tiarea t h i s  
number antlcigafed l o r  future eonrtruction i n  the Madera System. It w.0 

proposed t o  combine the road cmssing, n r t i a 8 l  dmck, and Irr igat ion 
turnout l r t o  one structure where feasible. This ccrbixmtion mfa e m c t e d  
t o  resul t  i n  a 8avings i n  materisl anb Labor a6 conp8md t o  b u i l d i ~  thn@ 
i ~ i v l b u c l  units.  lour  different size canal mad c r o ~ e i n g ~  wen t o  be 
constructed u s i w  48-, 420, 360, and 30-inch concrat. p i p .  SOEM of the 
a t m c t u m ~  w i l l  contain w o  t u m m t s  and the nrinbsr oingle turnouts 
of eithcr 30- or  24-inch concrete p i p .  DisEneions, diechar-8, etc. 
given i n  thl~ report refer  t o  prototype uPlc8s 8t.ted o t h m l m .  

Tho Problem 

The problem was t o  &starmin. the .Inlmum con8truction n q u i n d  
between th. bad wal l .  o f  the rod& croaelng and th ver t i ca l  check w a l l  
t o  prevent @urging over th. check w a l l .  The pmllmlmry design i 6  aham 
en Figure 1. 



An existing laboratory model was used for  the study. I n  t h i s  
instal la t ion a 15-inch metergate discharged into a 3- by 3- by 11-foot 
flw. A ver t ica l  check, whose top elevation wae ident ical  t o  the top 
of the gate opening, was placed i n  the flume downstream from the gate 
t o  represent a 6- by 6-foot forebay. No turnouts were provided and the 
flume was too narrow t o  provide EL geometrically similar s t i l l i n g  baain. 
The model relpresented the most sewye conaition which was the 48-inch 
road crossing discharging 60 cf s at b .77-feet-per-second velocity. 
These conditions established a model r a t i o  of 1:3.2. The discharge w a s  
measured through a n  8-inch venturi meter. 

Tests - 
The discharge representing 60 cfs was passed over the ver t ica l  

check w a l l  and the tail-water elevation varied. Water action i n  the 
forebay w a s  quite rough, pil ing up along the sides with reverse flow. 
There wes no surging over the check wall. The disturbances i n  the fore- 
bay indicated tha t  the volume waa too small. Considering the namow 
width of the flume, the flow conditions i n  the pool were quite smooth 
u n t i l  the t a i l  water was elevated higher than the top of the check wall. 
The high ta i l  water produced an undesirable high-velocity surface stream. 

The ver t ica l  check was moved t o  a dletance equivalent of 12 
f e ~ s t  downstream. The width was maintained an 6 f e e t  f o r  a distance of 
6 feet upstream from the check and then widened t o  9-l/2 f e e t  for  the 
remaining 6 fee t  t o  the head w a l l ,  forming a "tee-ehaped" forebay. This 
change helped eliminate *he disturbances i n  the forebay and naintained a 
quiet area of water where the turnouts would be located. 

Conclusions 

1. The 6- by 6-foot-square forebay as originally contemplated was 
inadequate . 

2. 'Phe *tee-shaped" forebay aras ample with no surge over the 
vertical check. 

3. Additional test would be required t o  obtain answers t o  the 
additional problems voiced by designers. These problems were: 

a. What e f fec t  would a turnout have on the flow i n  the forebay? 

b. Wmld flow in the turnout be uniform and wit'nout 8 sp i ra l  
motion? .. ..--. 

c .  Where should the turnout be located with respect t o  the 
f orebay7 



below the drop? 

a .  What e f f ec t  would the 2:l  r i s e  In  the road crasaing pipe 6 

have on the forebay and turnout flows? 

f .  Could an adequate structura be designed i n  dimensionlaas 4 
tern that would meet a l l  the  requirements of the d i f fe ren t  diam- 
e t e r s  of the road crossings an8 out le ts?  

a 
The t e s t  resu l t s  were too llmited t o  answer the addit ional 

questions 80 another model study was proposed. 

SECOrnARY IIwESTIGATIOlv 

The Model 

A redesign of the s t ructure  was made (~1gul-e 2)  by modifying 
the preliminary design (Figure 1 )  on the basis  of informstion obtained 
from the pselblnary t e s t s .  On Figure 2 the numbers ident i f ied by a 
bar are the prototype dinensions used i n  the nodel; e.g., A. The boxed 
8imensions ( q) arc the recommended design dimensions. A 1:4 model 
was fabr icate  mainly of plywood and lumber. The road crossing wae 
represented by a 12-inch pipe entering the forebay on a 2 : l  s l o p .  The 
only p las t ic  pipe a v a i ~ o l e  f o r  representing the turnouts was 8.11 
inches i n  diameter which was somewhat oversize t o  represent a 30-inch 
turnout. Both a r igh t  and l e f t  turnout were provided. A t a i l  box was 
placed a t  the end of the turnout t o  adjust  the downstream submergence. 
The water ma conducted away from the t a i l  box by 8 wooden waste flume. 

Test F a c i l i t i e s  

The discharge in to  the model m e  measured through an  &inch 
venturi  meter. A sheet-laeta1 weir p l s t e  was placed at the  end of the 
waste flume and calibrated t o  masure the discharge through the turnout. 
A point gage was used t o  msaaure the head on the weir. Because of the  
roughness of the water surface, accurate madings were not obtainable 
eo the  turnout diechargee w e r e  approximate only. 

A piezometer tap wras placed i n  the forebay f loor ,  and one i n  
the turnout  p i p  6-3/4 diameters dovnetreaun from the i n l e t  of t he  turn- 
out, f o r  atudying loseee. # 

A point gage mounted on the e t i l l i n g  basin was used to araintain 
tai l-water elevations. Flow character is t ics  in the s t i l l i n g  basin, fore- 
bay, and turnout were Judged by vieual observation. v 



S t i l l i n g  basin. Three variations of s t i l l i n g  pools were 

a 
investigated. The f i r s t  was the recomuien&ed design ( ~ i g u r t s  2 and 3) .  
The t o t a l  discharge representing 60 c f s  wss passed over the ve r t i ca l  
check w a l l  without the turnouts operating, t o  study the e f fec t  of the 
maximum discharge i n  the s t i l l i n g  pool. Operation a t  normal t a i l  water 

e o r  less was satisfactory,  although a b o i l  forme& i n  the water surface 
a t  %he intersection of the s t i l l i n g  basin and the canal. Sand was 
placed i n  the m d e l  when, the bo i l  fonned. The sand was ?lisplaced on 

d the canal elope a t  the top  corners only, and was not disturbed on the 
bottam of the canal. 

A high-wlocity surface etream w a s  create8 when the t a i l  water 
waa rai8sd above the top elevation of the ver t ica l  check wall. This 
condition was readily e l levis ted by using a ve r t i ca l  beam baff le  darn- 
atseem from the check ( ~ i g u r e  4) .  

The s t i l l i n g  b s i n  was modified t o  the preliminary design by 
eloping the side walls t o  intersect  the cam1 side slope, fohpaiq a 
"broken backw tmns i t i sn .  m e  eliminrjvted the comer d i~ turbance  of the 
recommended design but concentrated thr: vster i n  the center of the canal. 
Studies with sand showed Wt the bot?;om of the canal was being consid- 
erably disturbed f o r  some distance dawnstman. Figure 5 shows the  
set-up and t he  pool i n  action. 

The mo8alwas w i n  modified by eloping the bottom of the 
baein upward t o  the f loor  of the canal. Thia modification geve the  best  
surface condition (~igurc,  6) but gave the vorst  scouring e f fec t  on the 
csnal sides and bot tm.  Large whirls were s leo  formsd i n  the downstream 
corners of t he  pool. 

Foreba . Three forebay8 were i n m ~ t i g a t e d ,  a "tee" ahape, ern 
"ell" shape, 4 rs an "in l ine." Both turnouts were ogened using the "teen 
shape an8 the  maximum diecharge run through the model. Operation wae 
eat isfactory with quiet  conditione in the forebay. 

The majority of the turnouts i n  these stmcturee w i l l  be single 
inetead of double so the l e f t  turnout was closed. Figure 7A show8 the 
single turnout i n  o p r s t i o n  i n  *the " b e w  forehey and Figure 8B shows the 
over-all mtlel. Con&itions were g o d  except f o r  8 vortex thet f o m d  i n  
the ulpstreeun corner near the turnout e n t m c e .  The vortex bec- more 
pmnauscsd as the heed on +h turnout was seduced and eventually separated 
in to  sewma vortexes. 

a 
The "ell-shapedn forebay wars evolved t o  save space and material 

w h e n  only one turnout was included. The operation of this forebay is  
II shewn i n  Figure 7B. Operation was sat iefactory but a vortex formed as 

i n  the "beu  shrape. 



forebay was W e  the equiverient of 6 f e e t  wide irrm the head w a l l  t o  the 
ve r t i ca l  check. It is  shown i n  operation i n  Figure 8A. Action i n  the 
forebay was good, contrary t o  the aauee shags i n  the preliminary m i e l .  e 
Ilo pile-up of water along the sides or  Feverse flow occurred, !rhe 
improved pemfonas~ce was probably due t o  the upward velocity In  the 2:l 
slope of the road crossing pipe which was not incorporated in to  the e 
preliminary model. 

A study was made using baf f les  t o  e l h i n a t e  the vortexes that & 
formed i n  the forebaye. No simple solution w a s  determined. These vor- 
texes admitted an appreciable amount of a i r  and created an unstable 
water surface near the turnout, but no operational d i f f i c u l t i e s  were 
indicated. 

Turnouts 

Irrespective of forebay shape, the water had a tendency toward 
sp i r a l  flow i n  the turnout. The sp i r a l  was clockwise i n  the r igh t  turn- 
out looklng downstream end caunterclockwiee i n  the l e f t  turnout. The 
use of a propeller-type to ta l iz ing  noter i s  contemplated f o r  measuring 
turnout discharge i n  tb.e Madera System. It was anticipaTi@d that the 
epPra1 flow might a f fec t  the  accuracy of the meter by apeeding up with 
s p i r a l  flow i n  one direction and olowing dam i n  the opposite. 

A meter w8s ins ta l led  and tes ted i n  the turnout hating the 
"tee-shaped" forebay with a8d without a flaw stmightenex* upstream from 
the meter. No difference was de,tected i n  the measurement by the meter. 
The meter u ~ e a  had a 6-inch propeller. 

The f i e l d  strvcture w i l l  ham regulating gates on the turnouts, 
Bo gates were irlstalled on the  model but a round sheet-metal d i sc  vas 
placed on the  turnout entrance a t  different  openings t o  r@present a gate. 
I n  the Yee-" and w e l l - s ~ ~ d "  forebays the gate helps t o  ellnlnate the 
s p i r a l  condition. The gate i n  the "in l inen forebay increased the spiral. 
flow t o  a emat extent. 

An attebapt was W e  t o  study the turnout 1088. Two conditions 
handicapped the maaurernents anCl the  .results should be used Ju\diciously. 
The f i r s t  condition was the location of the piezometsr t ap  i n  the fore- 
bay. I n  s tudyiw losses i n  the "tee-rrhspedw forebay, the p i e t m t e r  t a p  
was located i n  the f loor  i n  the corner at  the turnout and head wall, end 
the average 106s was found t o  be about 0.75 of the turnout velocity head.. 0 

I n  the "in l inew forebay the  pieecmeter t ap  was located first i n  the 
f loo r  i n  the center of the fo reby ;  this resulted i n  a loss  of 0.4 of 
the turnout velocity head. The piezormretar was then located i n  the center c 
of the extrem l e f t  ou t le t  wall, u t i l i z ing  the apace between the inner rn 



-----  
velocity head. Using t h i s  piezometcr location fo r  the "ell-shapedw 
forebay, the loss  was one velocity head. 

The second condition affecting th2 losses was the turnout 
discharge measurement. Head on the weir i n  the waste fkxe m s  meas- 
ured by a point gage. The water surface i n  the flume was too rough f o r  
accurate paint gage readings. 

The ~ ~ s u l t s  indicsk tha t  the "tee-" and "ell-shaped" forebays 
introduce more loss tlann the "in l inew forebay. However, i f  the turnout 
inlet were moved closer t o  the road crossing je t  than 114 diameter of 
the road crossing pipe, it i s  expected tha t  the head loss  would increase 
appreciably and would probably exceed tha t  for  the "tee-" and "e l l -  
shapedn forebays. The "teen and "ell" shape designs are reconmended 
where open-flow meters are t o  be used i n  the turnouts sknce the flaw 
conditions i n  the turnout pipe are more favorable as regards the 
accuracy of the meter. 

7 Interlor - Reclamation - Denver. Colo. 







Report Hyd. 361 

(A) TJo Discharge 

(B) Na,- X m c h a  TdlrU.r--DL.-- 60 dm 

RECOMMENDED STILLING BASIN 

Combination Road Crossing, Check-drop Outlet 
Structure--Madera Mstributfon System 

Central Valley Project- -California 



(A) No DiaCh.rge 

IB1 No- Bdrudreum Tailwater --Discharging 80 d o  

RECOMMPENDEB STILLXNG BASIN 

Combination Road Crossing, Check-drup and Outlet 
Structu~s--Madera Distribution System 

Central Val ley Project--California 

3 
~ r t  Hyd. 



Figure 4 
Report Hyd. 361 

(A) Recommended Sti- Bash--Discharging 60 c b  

(B) Recommended StiUing Basin- - With Baffle- - 
hchsrging 60 ~ 2 s  

RECOMMENDED STILLING BPAm WITH HICH TAILWATER 

Combination Road Crossing, Check-drop and Outlet 
Structure- -Widera Distribution System 

Central Valley Project--California 



Figure 4 
Report Hyd. 361 

(A) Recommended Stilling Basin--Discharging 60 cfs 

(8) Recommended S t U h g  Basin--With Baffle-- 
Dimahfirm 60 afa 

RECOMMENDED STILLING BASIN WITH SIGH TAILWATER 

Combination Road Crossing, Check-drop and Outlet 
Structure- -Madera Distribution System 

Central Valley Project- -California 



(A) No Discharge 

STILLING BASIN WITH "BROKGN B A C P  TRANSITION - .  

Combination Road Crossing, Check-drop cLnd Outlet 
Structure--mesa Distribution System 

Central Valley Project--California 



(A) No Dlachurge 

STILLING BASIN WITH "BROKEN BACK" TRANSITIQN 

Combination Road Crossing, Check-drop and Outlet 
Structure--Modera Distribution System 

Central Valley Project--California 



Figure 6 

(A) "~roken-Back" St- Basin with Sloping Floor 

"Broken-Back" St* Basin with Sloping F h h  
Discharging 60 cis 

STILLING B ~ ; N  WITH "BROKEN BACK" T R ~ I T I O N  AND 
SLOPIMG FLOOR 

Combination Road Crossing, Check-drop a d  Outlet 
Structure--Madera Distribution System 

Central Valley Project--Calliornf*. 



(A) "~roken-Back" Stilling Basin with Sloping Floor 

"~roken-~ack" Stilling Basin with Slop- Floor. d 
Discharging 60 cfs . - 

STILLINCJ.BMIN WITH "BROKEN BACK" TRANSITION AND 
SLOPING FEOOR 

Combination Road Crossing, Check-drop and Chtlet 
Structure--Madera Distribution System 

Central Valley Project--California 
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Figure 7 
eport Hyd. 361 

(A) Tee-Shaped Forebay--60 cfs Total Discharge with 
Right Turnout Operating 

(B) Ell-shaped Forebay--60 cfs Total Discharge with 
- Turnout at Right Operating 

RECOMYENDED FOREBAY DESIGNS 

Combination Road Crossing, Check-drop and Outlet 
Structure---era Distribution System 

Central Valley Project--Californip 



Figure 7 
~ e ~ o r t  Hyd. 

(A) Tee-Shaped Forebay--60 cfs  Total Discharge with 
Right Turnout Operating 

(B) Ell-shaped Forebay--60 c i s  Total Discharge with 
Turnout at Right Operating 

RECOMMENDED FOREBAY DESIGNS 

Combination Road Crossing, Check-drop and Outlet 
Structure- - Madera Distribution System 

Central Valley Project--California 



Figure 8 
Report Hyd. 361 

(A) In-Line Foreby--60 d s  Total Discharge witla Right Outlet Operating 

(B) Over-d l  View with Tee-shaped Forebay--60 d r  Total 
Mschargc wit& Right Outlet Operating 

"TEE-SHAPED" AND IN-LINE FOREBAYS 

Combination Road Crossing. Chcck-drop and Outlet 
Structure--Madera Mstributiaa System 

Central Valley Projtc?B--C&fo~ 



(A) In-Line Forebay--60 d s  Total Discharge with Right Outlet Operating 

(B) Over-aU View with Tee-shaped Fosebay--60 cis Total 
Discharge with Right Outlet Operating 

"TEE-SXAPED" AND IN-LINE FOREBAYS 

Combination Road Crossing, Check-drop and Outlet 
Structure--Madera Distribution System 

Central Valley Project--California 


